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@jccri, we sought to dtttrmlnt Ik bog-term runiwl rum 
ad bfrct-rtktrd marhdity uf adult pstirots 4x1 umkrgo sur- 
ghml npoir of un udiur primrr nwirl5tprl defect. 
lkdgmud. The nW~nl history of pticals rdeqpiq such 
wqkal rqmir ir rdulthoad rtmaino uwlnr. 
.bfe. WC folbueci up 33 patitots wtm undrrwtnl surf$al 
corrtch of II ortium primum rtrhl upta! d&ct al au 
iastiQtba al 8 mean qe of 42 gears (ne 20 lo 73); I2 Oc IL- 
patitots wrt MO ytars old at tk time ofopcntba. Fear patimts 
had modrn!c preqtntirc rrcnzir impwily (Nrw Ywlr hart 
45wcktiw fuaetional class >II) mud six had atrlal f!billrUoa. 
Niat ad four putitntr. rcspectivcly, bad I pmqmativt mm10 
putaowry artery pre55urr >tS mm Hg or putmoaaq vareular 
rtrisuoc~ >4 Word I!. Autdqpss pcrkardium was used to p&b 
tbc &h-t in 34 ptknts 191%). Mitnd vahuloplasty, consisting of 
cklt rqmir In = IO). and mitral vsht r@Ccmtrt Ul = 2) Were 
pcrfomtcl hctirtly. 
Detil.ient tormaticl,t ~1 thr: cmt+mic titriovcntricular (P.V) 
c:andl hy the cndtctirditil cushiims prtducc\ a \;K’ctrum of 
con;.vmt;d cardiac multorm~t;ll;ls. I hc o\tlurn primum &fcct 
corrhinc~ an utrirl scpt;ll dclcct. contiguous uith the AV valve 
anruli. with d cleft in the anterior IcaHc~ of the left AV valve 
ant1 an intxt ventricular rptun. These defects produce 
vatious degrees of left AV vatvc msuflicicnry. which usually 
determines the age at presentation. diagnusis and repair. 
Pzlticnts with the ostium primum Sect occGmally remain 
qmpfomatic until their 3rd or YIh decade. whsn ;Irrhythmia 
ual congestive lxurt failure ,rppear iti the majority (I), aI. 
though tkrr XL’ anccdut4 report.+ (2) ol pdticnt\ surviving 
i.ttt) thrir 8th Jcdc. 
Dlagnu\i\ 15 bawd d,n clinical tindqs ccmristalt with ;In 
;btri;tl level shunt as act’ :I\ a countercknkwir luop in the 
I’ros~al vsctorcardiograr. C;~rd~;tc c;lthl:tcrization reveals the 
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interval of 53 years (range I to l&Z), all 28 sunlvlng prlkmtr ue 
fm of tlefcisc IlsitAon (runctkarl class I). IAlC p m l o p e r 8 t i v c  
dedtbs ltccud ia five potkItta (15%) aad WVR mMcd to 
myucardisl infarction, stmkc, bcpntk frllwe, rc~l failure or 
wpsis. heopnth widlla UC 1st poslopzntivc year 1111 KqoiKd 
in hw prtknts (-1 beuuse of I ~ridurl ustlum primam deftct 
io we ad swtrt mitral qpgitatbn in tbt other. nt pmeoce 
of dvaoced agt 8t optratks. symptow rtrial urhvtbmlrr, 
mitnl rcgaqihtioa or mwkntcly iwread pulmouuy vascwlar 
mistaoet did QOI p.xdU htt postopmtivt moMhy, ceinplla- 
tioos w fuocuw8l cqmily. 
Cmch. An wtium priaum d&t an bc mired ia adult 
patknb uitb tbc cxpcctatim dcxcelkot lq-tcnm twits, iah 
pmdcntdrgcrtopcmthandptcopentivcmitnlv&tfhctba 
rod dcspitc the prexxc of atrial Abrillatbm or mmkratcly 
ckvated pulmoeary vascular resiutalm. 
(J Am Cdl Car&d 19%;27xi%-9) 
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characteristic goosenlxk deformity in the left ventricular out- 
flow tract in the complete forms of AV canal; however. this 
study is ml1 rcutin+ prforlnrd in patients with the ostium 
primum defect. ;IS rchocardiokraphy allows accurate diapqosis 
and asWs.sment r)f rhc left AV balv.: as well as the left 
ventricular oulflow tract (3). 
Lillehci et al. (4) performed the firs1 successful repair of an 
ostium primum defect in lY54. Surgical results have steadily 
improved; operative mortality has decreawd and fewer pa- 
tients have postoperative mitral regurgilalion or heart block 
(5) Advanced age at operation and cardiopulmonary dysfunc- 
tion have been considered risk factors for surgical correction. 
To define the current operative risk and the long-term survival 
after repair. we retrospectively reviewed the outcx)me of 33 
patients undergoing surgical correction of an ostium primum 
atrltil scpt,d defect at the Brigham and Women’s Hospital. 
Methods 
Cllokd material. We retrospectively rc?iewed hospital 
records and operative reports for all adult patients undergoing 
primary surgic;rl repair of atium primum atria1 5ctptal defect at 
slur institutton hctwrcn IY7Z and IYY4. These adult p&nts 
were rehti+ ~~ymptomattc pfeqerrtively. and only in ret- 
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IhTICM PRIMUM DEFl:(T WE:PAIR IN ADULIJ 
rospecl was it nofed that they probably hdd redureJ exercise 
tokrancc. grealrr fatigue than that of their peer group and 
mild dyspnca on excnion. In those with xvere mitral regurgi- 
tation, the clauic signs of congestive heart failure were notr:J, 
including shortness of breath, increased pulmonary vasculanty 
and exercise intolerance. Patient fo!low-up was conductcrl ily 
telephone survey of patients and their referring physicians and 
was obtained in all patients. Data included cardiac rhythm, 
New York Heart Association functional class. auscultatlve 
evidence of left AV valve regurgitation. incidelrr of postop 
crative ncurulogic events, need fur rcoperation and cause of 
skath. Deaths occurring within 30 day of operation or before 
hospital discharge were defined as operative deaths. The 
Kaplan-Meicr life-tahlc mclhod was used to calculate survival 
IO complication or death. 
Surgkal kchaiqw. The surgical approach in all patients 
included cardiopulmonary hvpass with ascending aortr and 
bicaval Jenous cannulation. tioderd~c systemic hypothermia 
(UPC) with lopical cold irrigaLon was used for my-dial 
protection. and diastolic arrest was produced with cold potas- 
sium cardic:plegia. Through a right atriotomy. the left AV valve 
was routinely tested with saline infusion. lntraoperative trans- 
esophageal echocardiography was employed in all patients 
undergoing repair of congenital htan disease after January 
1992. Valvuloplasty was performed sekcrively (n = 10). when 
moderate to severe regurgitation through the cleft was dcm- 
onstrared by lra?+esophagcal echocardiography or injection of 
saline solution. C’eft repair was accomplkned with an inter- 
ruptcd suture technique; aligning the Ic.ld ~dgrs of the anterior 
leafkts and suturOng the fibrotic appicd edges of the cleft. 
Mitral valve replacement was performc.I in those patients (n = 
2, 6%) with dcficlcnt kft AV valve tissue; a 27-mm Bjork- 
Shiley prosthesis W,E, u..d in one patient and a 25-mm SI. Jude 
prosthesis in the other. Scptal defects IL re usually closed with 
a per&dial patch (n =- -30. Y I%) taikn d lo match the bhapc 
of the defect. Two patients with a defect <I cm in diameter 
had primary suture closure and one p. ticnt had a Dacron 
patch rrpair. The suture lines wcrr: llaccd to avoid the 
displnccd AV node. either by staying on 11 e left r:riaI side and 
suturing only on va’vc ti%uc and the fihru~s rim of the defect 
or by placing the suturc$ ir the right Ati valve tissue: and 
circling around the AV node arca. Ei!bcr technique left rhc 
coronary sinus draining into the right atrium. 
Results 
P8licnl cbamctcristics. Patient charactcriatic3 .:rc: dc- 
.I kd III table 1. Twulvc (XI%) of the 33 palien:\ xcrc .GU 
;can old iIt the time of surgical correction. Preoperative 
cardiac cathetcrizatinn was pcrformcd in 26 (7Y4 ) of thr 33 
pa:icnt~ Pulmonary hypertension (mean pulmonary xtcry 
prcssurc >4 Wtkd U) w;1s present in only 4 (26’; ) of thcw 3 
patients. 141 sided AV valve regurgitation was ronsidcrcd 
moderate IO scTerc in I& patients (1K). No palicnt had 
vgnificant untreated rwtmaly atherwkrosis or left vcntricu- 
lar dysfunaIon. None had d a)incidenl double or&z mitral 
Tabk I. Prctmcralivc Chattieristics uf the 33 Patients 
Ap Iyrl 
Mcdn 42 
R;mg Ml073 
hkn I5 (455%) 
Womrn ll3(545@%) 
D0wn qndnm I(3%) 
NYHA clas 
I VI II N(lm) 
III 0, IV 4(W) 
Rhythm 
Nurmd mu\ 27 (da) 
Alrial hlwlblnm tl(llJ%) 
Puln~maty UIICIJ pmwrc (mm Hg)’ 
Mrrn 22.1 
Ranln: Q IO 45 
Puhnunq:~y*lcmr RI* rdd 
Mcrn 3.1 
Hqc 1.3wtl.9 
‘n - !h. Unlri\ othcnnu indkaod. data arc prncnld as numkr (5) d 
plricnk NYHA rla New York tIeal Awcialion func~nmd clla 
valve. single papillary mu& or left venlricular outflow tract 
obstruction. One patient required ligarioi of a persistent left 
superiur vena cava. 
Patieot fohw-op. All patients were followed-up postoper- 
atively from I to 18.2 years (mean 5.3). There were no 
operative deaths. Perioperative complications occurred in si-. 
patients (18%) (Table 2). Two patirnts required a pacemaker. 
In one of thrse. complete hean block developed after a heavily 
calcified left hV valve W;LC replaced with a mechanical pros- 
thesis; in the other. refractory vcntlicular ta&yarrhythmias 
ilnd intermittent cr~mplac heart bluch developed after pericar- 
dul patch ckMurc of a 4-cm atrial ieptal dcfeet folbwcd by 
cleft repair. Two patitints had thromboembohsm; one of these 
had aerial fibrillation before and after operation. and the other 
had cumpletc hean block and was pacemaker dependent. 
There were two reoperations (6%): One 32.yeu old patient 
undemcnt peric3rdial patch closure and cleft closutc and. 
when SPVC’X left AV valve regurgitation developed within I 
month of operation. the patch was found lo havz dehisceck 
rcoperation was suczL%ful. NJ other patient had late mitral 
rrgurgitrtiolr as evaluated by serial clinical examination and 
electrocardiogram. The mnd patient wa> found to have a 
small residuai atrial septal defect 3 years ?ftrr repair and 
rcquircd a pericardlal patch. Freedom from reoperatlon after 
&frct repair is dcpictcd in Figure I. IItcre were no instances 
cd cndocarditis. 
AI a mean follow-up interval of 5.3 years (range I to 18.2). 
F patknts (W.HG ) were alive and well and were in functional 
class I. There were five late deaths (15.2%) due to various 
causes (T&k 3). none of which were related lo cr~mplications 
of intracardiac shunting or AV valve regurgilation. The actu- 
arial sunival a~ 5 years was 89 2 7% (Fig. 2). There was M 
correlation ktwcrn age at operation. degree of preoperative 
pulmonary hypertcr1.4~1 or left-sided AV valve regurgitation 
and tithe: death (p = 0.E) or complications (p = O.(H). 
Tabbe 2. PSI ittpcrrtivc CotnplicAtm~ 
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Discussion 
Natural hi&q. Somrrvillc (I) r&wed the factors rc- 
sponsihle for disability and death in 27 of 122 patients with 
tntium primum defect seen from IY5H to IW who were not 
trcatsd surgically. Arrhythmia wds the mcht c;)mmon cause of 
dctcriuration and occurred in 25”; by age W years and in 80% 
by age JS. Arrhythmia or heart block w?\ responsible for I I 
(79-Z) of 14 dcrths that crcurred ;dtcr ape 30. Campbell (6) 
cstimatcd the mortality rates fur paticnrk with a sccuodum 
atnal wptul dctcct and found that a predicted yearly morttility 
rate of 2.7C; WI patlcntb 3~ to 2Y year:; old incrcawd steadily to 
7.59 by age 50. The diagnosis of an ostium primurn dcfcct in 
the absence of irrcverGble pulmonary va~~lar occlusive dis- 
cast indicate\ the need for repair. 
Disgmtic tvaluution. Prcupr;rti\c diagnl)*tlc cbaluation 
cbolb<d over the court oi thi\ ~dy. Improved cchtxardio- 
prdphic technique a’!ow\ itccur;W prcc,pcr;&vc asw\\mcnt of 
right \cntrtcular prc~~rc~. AV ~lvc ;anutr,my and tunrtlon 
r.td thr prcrnce of akwatcd Icsionb. In children, cardiac 
catheteriLation is no longer recomm.xded tor rolltine prcop- 
errlivc evaluation of patients with an ostium primum atrial 
scptal dcfcct (3). Associated cardiac defects (seen in 5% of 
pediatric patients with an ostium primum defect) (7). are 
routinely assessed with echocardiography. No associated car- 
diac anomalies were detected in our adult patients. Pulmonary 
hypertension was not prevalent in Somerville’s group (4%) and 
did not predict survival in several series of patients undergoing 
surgical repair (8). Nine patients in our series had a mean 
pulmonary artery prtxure >25 mm Hg, and this finding did 
not prrdict incrcaxd morhidity or mortality. Cardiac catheter- 
ization in adulrb with an ostium primum dcfcct should be 
limitrd 10 rhosc with ri\k facton for coronary artery disease. 
Surgical results. Surgical results have improved over the 
past 3 decades (Table 4). Operative mortality has steadily 
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Figure 2. Freedom from death after rcpa~r trf uslium primum atrial 
wptal dcfcct. 
declined, and no operative deaths occurred in our series. Many 
factors have contributed to this improvement, including more 
accurate preoperative diagnosis, improved cardiopulmonary 
bypass techniques, more effective myocardial protection and 
Ica trauma to the AV node. The morbidity of heart 4ock has 
been mitigated by the advent of effective pacemakers. The 
decreaw in tne numtKr of patients presenting late with severe 
ventricular dysfunction has also improved operative results. 
Only four of our patients were in functional class I!1 or IV at 
oxration. 
Pos;tr,Krative left AV valve insufficiency can be minimize4 
by rigor1 US preoperative echucardiqraphic rsscssmcnt and 
systematic operative inspection of the annulus, leaflets, chor- 
dire and papillary muscies, Valvuloplasty techniques are mod- 
ified to acco;;lnlodate the unique AV valve anatomy produced 
by the endocardial cushion defects. Vah+es that arc comlxtent 
on preopcrhtive and intraopcratirc examinations arc not dis- 
turbed whether or not a cleft is present. Care is taken to 
precisely size the aptal patch to avoid annular distortion. 
Pegurgitant valves are repaired sytematically. If the regurgi- 
t;ltiolr <orresponds to the cleft. this gap is closed. Inaccurate 
cleft atipmximation may produce centr:li insufficiency. anJ 
exccssire cleft closure can result in stenosis. lntraoperatlve 
transeujphageal echocardiography allows more precise asuz.+ 
men1 ot the left AV valve before and after repair. Transusoph- 
;rgeal ccht~ardiograplI~ combined with systematic valvulo- 
plasty trchniqueh should reduce II,< incidence of pMopcrativc 
valvul;rr regurgitation. Symptomatic late mitral in&icicn~~ 
was not ttit-4 in this study. 
ficart hluck after tntium primum defect repair remains a 
perplexing cr)mplicatii)n @en our undentanGiny of conduc- 
tion system anatomy alhJ the rigorous efforts ma& to avoid the 
AV node during patch placement. The course of the suture 
line does not appenr to a&t the incidence of this annplica- 
(ion; therefore. wt: base the choice of technique at the 
anatomic findings at operation. The m of a to@ 
fibrous ridge allows wtbnng on the Icfi side of the sepum; the 
absence of a ridge favors placement on the right rick. staying 
wide of the AV n4 l area near the corunrty sinus. Gnnpkte 
hcsrt Mock is not pu~rly u surgical complication. as b of the 27 
patients with an ostium primum defect in Somervilk’s seties 
manifested clinical deterioration due to heart block without 
undergoing surgical rei:tir. 
Nonsurgical treatment with transvasculilr devices may be- 
come an option for certain atnal scptal defects. but the 
dnutomy of the primum defect makes it unsuitabk fol currenl 
clamshctl devices. There is no rim along the inferior edge of 
the defect to provide purchase for the device arms, and the 
adjacent AV valve tissue is at risk elf being entrapped by the 
device. Surgical repair remains the primary therapy, and 
complications can be minimized by &KC attention to the 
anatomy of the left AV valve and the displaced conduction 
system. We conclude that ostlum primum defects in adult 
patients can be repaired M ith minimal morbidity and mortality. 
Excellent long-term results can ne expected. independent of 
age at operation. 
